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Abstract: Although perylene bisimide derivatives have advantages such as excellent thermal stability and high luminance
efficiency, they have poor solubility characteristics in organic solvents. In this research, in order to improve the solubility
characteristics, we prepared perylene bisimide derivatives (1C) and (2C) with swallow-tail substituted imide, which is
known to lead to excellent solubility. The structures and properties of swallow-tail perylene bisimide (1C) and (2C) were
analyzed by 'H-NMR, FT-IR, UV/Vis spectroscopy, and thermogravimetric analysis (TGA). The maximum absorption
wavelengths of (1C) and (2C) in the UV/Vis spectrum were 558 nm and 556 nm, respectively, and the maximum emission
wavelengths were 602 nm and 600 nm, respectively. In the TGA, (1C) demonstrated good thermal stability with less than
5 wt% weight loss up to 242°C. In the solubility test, (1C) and (2C) exhibited solubilities of more than 5 wt% in
chloroform, ethyl acetate, and dimethylformamide, but not in methanol. When the compounds (1C) and (2C) were mixed
with PMMA (polymethyl methacrylate), thin films showed peaks at 679 nm and 677 nm, respectively, in the

photoluminescence spectra. (1C) was found to be a possible candidate as red organic phosphor for hybrid LEDs.

Keywords: Organic phosphor, Hybrid LED, Swallow-tail perylene bisimide, Solubility characteristics, PMMA film
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down-conversion
ol MR 07 stth. Perylene
bisimide GEASS & ©F £, W&y,
Yetehy 5o S4e L4stAe G5l S40] )
oot A Mgz Ao stAVE e Hor HiE
o] 9Jt} [4-7]. Perylene bisimideo] §7] &IA|=ZA]
Zast B4 § &olle 545 TP Hsto
imide7]o]] &3s= &A1 EX4o] Foju swallow-tail”]
(7812 =<stil, bay 9X|o] phenoxy?|E =UsH
swallow-tail perylene bisimideS %/dsta, J
perylene bisimide &-&Zx|9] &35]%, & AAN
2 EXS ZA5to] hybrid LEDS AR Q7] 3|
24 AHS RAACE

2. &3 9H
2.1 A 2 ENTITI

1,6,7,12-Tetrachloroperylene-3,4,9, 10-tetracarboxylic
dianhydride= AlibabaA}ol|A] LU5te] AME5H9 L, 7-
tridecanone, 10-nonadecanoned Tokyo Chemical Industry
Atoll Al LUsH ARSI A1, sodium cyanoborohydride,
phenol2 Alfa AesarAlofA] LUsto] ARESHF 1, PMMA

AAE &
S ©

87

O o

(polymethyl methacrylate, Mw ~ 350,000)= Sigma-
AldrichAtofl A} £15tdc}t. 'H-NMR £7-2 JEOLALS]
JNM ECP-40071715 ARg319 1L, FT-IR spectrum &
A2 st 7]17]= PERKIN-ELMERA}C] Spectrum X=
Argsteitt o % BAH2 93t 7)71= PERKIN-
ELMERAS] TGA 78 AR5 1L, UV/Vis absorption &
PL emission &2 ShimadzuAte] UV-24502 A5t
t}. PL excitation & exmission spectrum-2 HITACHI
ARl F-45007]171& ARSI, MR B2 Konica

MinoltaAte] CS-100AE A}-g-5t%ict.
2.2 Swallow-tail perylene bisimide &Ztx|2|
2§82
Ry Ry Ry Ry 1. Ry=CgHis
(i)
o — NHz 2: Ry=CoHyg
cl (4
(i) o cl ClI o
1 'L 0’0 N R1)—N 0.0 P
cl Cl Cl Cl

0
R1 (ii1) =B
—_— )—N

clCl

Fig. 1. Synthetic pathway to N,N'-Bis(swallow-tail)-1,6,7,12-
tetraphenoxyperylene-3,4,9,10-tetracarboxylic diimide; (1) ammonium
acetate, sodium cyanoborohydride, metanol, 56 h, (ii) zinc acetate,
imidazole, 160°C, 5 h, and (iii) phenol, potassium carbonate,

DMF, 90°C, 24 h.

2.3 7-tridecanamine (1A)

10.08 mmol), ammonium
acetate (6.85 g, 89 mmol), methanol (50 ml)&
100 mL ZefA3o] da AL Z7]=2 4204 14]
ZF 308 =9oF wulst1 sodium cyanoborohydride
(0.38 g, 6.08 mmol)S Y1 Ao 56AIZF =9t

7-tridecanone (2 g,

wykstict, ghgo] &z o Xsh A4l ml)E 4
2A12F o) 3 FH7]E o] &5l methanol3 A7
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o[gsll 3¥o] ZA {7155 w25kl magnessium
surfateg o] &s & AAS & & TAEEHY 3
MEU7|E olgs] ZRERSS WM AASIL =
& Y MAMHE(1.27 g, 6.35 mmol)S LAUTH (yield:
63%).

2.4 10-nonadecanamine (2A)

10-nonadecanone (2 g, 7.16 mmol), ammonium
acetate (4.81 g, 62.43 mmol), methanol (50 ml)&
100 mL ZetA3o] 91 A F97]2 =0 14]
7F 308 =9t wylsty sodium cyanoborohydride
(0.27 g, 4.27 mmol)& 211 Ar20A 56A17F =OF

al g2
grsioict. yhgo] ¢h' #H § Alsk d4H1 mL)E Ex
2A12F 5o SAZEY|E 0|85l methanol& Af|7shal
3] DAE d9ict J2]1 Z2tAado 2 60 mLE Y1
KOHZ pHE 1052 Ut50] & 5 Z22RxES o]&
s 3%lo] 24X /7S w21E Sl magnessium
surfateg ©o|&dll == A7s] & & TAZELL A

FW|g o183 222188 o

A AMAHE(1.52 g, 5.39 mmol)S A

)
ol
=,
X
ol
=5
Rl
H—‘
S
lo

A} (yield: 76%).

2.5 N,N'-Bis(7-tridecyl)-1,6,7,12-
tetrachloroperylene-3,4,9,10-
tetracarboxylic diimide (1B)

1,6,7,12-Tetrachloroperylene tetracarboxylic acid
dianhydride (1.38 g, 2.6 mmol),
(1.27 g, 6.35 mmol),
)=

/-tridecanamine
Imidazole (5.03 g), zinc acetate
(0.36 g, 1.95 mmol)Z 100 mL Z=tA 30 Y 160°C
oA 5AIZE ¥-3-S FWCE WHSo] $RY 3 ALo
2 W27l §H, 222X =02 85jA]7]1 hexane:
ethyl acetate (9:1) &3t &0j2 o]8&s A7pA =
IZotEdn 2 Ralste] £43 @2 A A
(0.68 g, 0.76 mmol)S AAUT} (yield: 29%).

022

2.6 N,N'-Bis(10-nonadecyl)-1,6,7,12-
tetrachloroperylene-3,4,9,10-
tetracarboxylic diimide (2B)

1,6,7,12-Tetrachloroperylene tetracarboxylic acid
dianhydride (1.13 g, 2.14 mmol),
(1.48 g, 5.22 mmol), Imidazole (4.14 g), zinc acetate
(0.3 g, 1.6 mmol)& 100 mL Z2tA 3o Y1 160°C

10-nonadecanamine

I2olE o

(1.02 g, 0.96 mmol)S A} (yield: 45%).

2.7 N,N'-Bis(7-tridecyl)-1,6,7,12-
tetraphenoxyperylene-3,4,9,10-
tetracarboxylic diimide (1C)

N,N'-Bis(7-tridecyl)-1,6,7, 12-tetrachloroperylene-
3,4,9,10-tetracarboxylic diimide (0.8 g, 0.9 mmol),
phenol (0.9 g, 9.6 mmol), potassium carbonate (0.62
g, 4.5 mmol)S 100 mL Zc}AFof] di of7]of gF
< &0l DMF (40 mL)E A7Iet SO 24 971
2 90°CollA 24A17F ®¥FS-2 AlSgstict. §h3o] e
= S Are oz Wz 5o 400 mL 2N hydrochloric
acido] o] AFRoA 2A|7F EoF wulslo] AHES AR
HAR 5, 24ebEE S ol8stel Hajsti, Beldt e
AZRA]7|2L hexane:ethyl acetate (9.5:0.5) =
olgs) Malbd B AzulE el B
Rk M A8/d2(0.48 g, 0.43 mmol)Z AR
[yield: 48%, FT-IR: 2,923 (C-H, alkanes), 1,698
(C=0), 1,659 (C=0), 1,280 (C-N), 1,219 (C-0) cm™ ',
"H-NMR (CDCl;): 6 8.54~8.64 (m, 2 H), 8.19 (dd, J =
28.71, 14.47 Hz, 4 H), 7.43~7.46 (m, 4 H), 7.20~
7.28 (m, 8 H), 7.10 (q, J]=6.54 Hz, 2 H) 6.92 (dd, J =
12.58, 8.24 Hz, 4 H), 5.05~5.16 (m, 2 H) 2.09~2.24
(m, 4 H), 1.71~1.82 (m, 4 H), 1.10~1.37 (m, 32 H),
0.79~0.90 (m, 12 H)].
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2.8 N,N'-Bis(10-nonadecyl)-1,6,7,12-
tetraphenoxyperylene-3,4,9,10-
tetracarboxylic diimide (2C)

N,N'-Bis(10-nonadecyl)-1,6,7,12-tetrachloroper
ylene-3,4,9,10-tetracarboxylic diimide (0.318 g, 0.3
mmol), phenol (0.282 g, 3 mmol), potassium carbonate
(0.207 g, 1.5 mmol)E 100 mL ZefAFo| di of7]
of ¥tg- &uj2 DMF (30 mL)E A7Ist 9o Aa &
9712 90°COlA 24417t WHS-S RsHITE WHgo] ¢
289 T g0z W7z T30 400 mL 2N hydrochloric
acide]l ‘2ol AeolA 241HESH wulstel AMTS

AR =, dAEEHE o]gsto] Zestal, Za2et
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ZA]7]1. hexane:ethyl acetate
o|gsll M7 ¥ F2utE 12
gk A AB7d2(0.25 g, 0.13
oot [yield: 64%, FT-IR: 2,920 (C-H,
alkanes), 1,698 (C=0), 1,659 (C=0), 1,280 (C-N),
1,217 (C-0) cm™ !, "H-NMR (CDCl,): & 8.53~8.60
(m, 2 H), 8.12~8.24 (m, 4 H), 7.38~7.53 (m, 4 H),
7.19~7.27 (m, 8 H), 7.07~7.10 (m, 2 H), 6.87~6.94
(m, 4 H), 5.03~5.12 (m, 2 H), 2.32~2.34 (m, 4 H),
1.74~1.81 (m, 4 H), 1.06~1.36 (m, 56 H), 0.79~1.00
(m, 13 H)].

3.z ¢

uF

3.1 Swallow-tail perylene bisimide &Zt|2]
Sz §Y

Hybrid LED $Alo|A &7] &3A|7t Zatre &

Atto] T xElo] AlRE o2 97 Kufo] it e

Exo] Zotof gttt 22fA Swallow-tail perylene
bisimde ¥UAE YerHl 7] 40 222ns, o
. oEotAHolE, HuEx-Fotufo]to] Tjst &
= 54 2Ug & 1o Yepjock

B 10j|A swallow-tail perylene bisimide 1C2}t 2C
o] A%, HetaZ ALt 771 &uiol 5 wt% o]/4de]
Hold §3l= 54 =elstich 71E9) perylene
bisimidet= HH/J &@;Lig Z}7] &0 HH A}o]
of guirt AFst7] oj=24, = 5ol £A] %A
o, 1CeF 2C9 A& 1rn1de7]_l swallow-tail &7}
byl g9 AlolE "als A A S 6}01
perylene ¥ Atolo] &0 HE7} golstel 24g
gl 542 Uehae Felstec

Oll

perylene

0|

Table 1. Solubility of swallow-tail perylene bisimide in organic solvents.

Chloroform  Methanol EA DMF
1B @ X A A
2B O] X VAN A
1C ® N ® ®
2C ® A ® ®
®: =5 wt%, O: 3~5 wt%, A: 1~3 wt%, X: <l wt%

K—]H% % 89

O o

3.2 Swallow-tail perylene bisimide &Zx|2|
U EM

. FEAL EARERC] WO

sl7]eF Aol W & 9]
UJHOH MdL FAIE AFREE AR
. Swallow-tail perylene bisimide
9] Htel @ STEH(TONE
2 20 Uehjelct 17
242°CI7HR] oF 5 wt%
o] g ofl= 393°C7HA|

[J

Aol S dart fle AS
1B, 1C7} 2B, 2Co] H|sjA] €A QA A o]
S sttt o] WH2RE swallow-tail?]9] Ea

O ASG
924 %

Ap&e] Zol7t 1371009 1974(20) Atolol= 87] &
ool oigt galmi 2 Atolsl giAlsh A epgye
Tage gAT 4 A%

120

—] B

ic

—— ., 2B

2C

100
B0
60
40 T ——
20

o
50 100 1500 200 250 300 350 400 450 500 550 600

Fig. 2. TGA thermograms of swallow-tail perylene bisimide.

3.3 Swallow-tail perylene bisimide EZx|2]
2z 54

Swallow-tail bisimide 1B2} 2B9]
UV/Vis  spectrums& I3 30 UERHJL
swallow-tail perylene bisimide 1C&} 2C9] UV/Vis
spectrumS 1 4o UeRYSIcE T2 3, 494 1B
o} 2B, 1C9} 2C Abolol= |t} Faupao] 2 xfolzt

perylene

28 ISt oH, o] A2 HE swallow-tail”?]9]
Sa Abgo] Zols JJEH ool 2 9% 57
e g AT 4 Yorh 1BeH 289 bay YA
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Fig. 3. UV/Vis absorptions and PL spectra of 1B and 2B in
chloroform.

35 —PL(1C) 12
—PL2C)

30
. A 25 1C)
- ——nbs(20) g g
20
0.6

Intensity

15

Absorption

0.4
10

02

0
350 400 450 500 550 600 650 700

wavelength

Fig. 4. UV/Vis absorptions and PL spectra of 1C and 2C in

chloroform.

+ Y45 phenoxy’|2 R|EAIZIH °F 20 nmY
oy ols= YEHo], 1CeF 2Co| A|of gl
602 nm, 600 nmoj] Ueht, MM 97 FAA2A A
g3 0 54 Ueoh o2ld wREE
perylene bisimideE A 97 FLH 2 WE7] ¢
A= perylene bisimide®] bay X9 phenoxy”|
S L=%dsfiob SHAITH phenoxy”]9] =92 perylene
bisimide®] & <MJd2 HAaAAdE 49 & A4

o -
wAo| AmzuE o & 9ok

ol 39

3.4 Swallow-tail perylene bisimide &ZtA|Q]
IE NE ¥ 54 24

Hybrid LED ®AloA {71
NS 7k PMMAS HRQIG 2 Al&3lo] &
FE 2 =msto] AREHG [10,11]. A F4
A9 @ ordA, B3 EX¥ot ojujzt PMMA

. O

Y= oxst st

2 g Jm
D[ﬂl o

(a) —10ut% (b) —10%

1200 —wth gy
1wt 60 Luth

1000
800 500
400

600
300

200
200 100

5 Wit

400

0 0
650 660 670 680 G%0 YOO 650 660 670 68D GO0 70D

Fig. 5. PL spectra of (a) 1C and (b) 2C in blended thin films
with PMMA.

VY. B 54 EH Fasit

F=2 PMMAO] 10 wt%
(1C 0,0l g + PMMA 0.09 g), 5 wt% (1C 0.005 g +
PMMA 0.095 g), 1 wt% (1C 0.001 g + PMMA 0.099
g)E 9.9 g2 oZotAEo|E &ufjo] =of 1 wt% &
dog A=A AR BHZ AAFH silicon
wafer 99| drop-casting ¥fAl02 IHSH 5 LU=
s AAstz] fste] 100°C hot plate 9oflA] 15
S ARAIZY. olEA Alxst HEE9 +F §
= 57st7] #1sto] Hitachirte] F-4500 7|7]1& Ol
sto] ¥ AWEHZ EASIA, 1 AaE 19
of ettt 1™ 504 PMMA Z& WA &
7] FEA2 Tos
Rl ’\1]717} FGA
1Cet 2C& 59 o dgmgol
679 nm, 677 nmoflA UERGS SRI5IATE. o]= A
of #3133t bromoaniline perylene bisimide®] Ay}t
[9]2} H|w3}o] swallow-tail perylene bisimide”}
PMMA ZE0jA 60 nm AL ¢ Antatoz A|mEF
718 =holstgtt. o]l e swallow-tail®] AtS &7}
bromoaniline®] 1Al LxHCF PMMAS] AtS L5190
o 2 gEAtgs] geel Aow IR,

< oo ox r4u:

3.4.1 PMMA ZE LH0IM (1C)2t (2C)2o &

oI M
st 1C ®E 2C 3FSHE(10 wi%, 0.01 g)i}
PMMA

gt

0.09 g} 9.9 g2 ootAEIClE ol =0
ek A= G2jwo] drop-casting
ggoz s & guje 9As| AASH] Ystol
1582 =9t 100°C hot plateofA] oA HARA|ZCH
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Table 2. Color difference values of 1C and 2C in PMMA film.

Time (h) X y Y AFE
0 0.573 0.377 4.60

1 0.572 0.378 4.59 0.33

2 0.572 0.376 4.60 0.37

3 0.574 0.375 4.61 0.55

1C 4 0.573 0.373 4.59 1.10

6 0.573 0.372 4.75 1.45

8 0.578 0.373 4.64 1.46

12 0.578 0.374 4.73 1.67

16 0.580 0.372 4.68 2.04

24 0.574 0.368 4.57 2.46

0 0.489 0.400 4.43

1 0.488 0.399 4.42 0.32

2 0.487 0.401 4.42 0.45

3 0.484 0.399 4.47 0.89

2C 4 0.486 0.400 428 1.00

6 0.482 0.399 4.75 1.16

8 0.481 0.401 4.78 1.37

12 0.479 0.399 4.61 1.59

16 0.480 0.392 4.61 2.27

24 0.472 0.399 4.69 2.75
PMMA Z& Yol 1Cet ZCJ o ol A9 gHolat
7] %’48}01, AARE f2f 71 100C g2 220 B
YstHA, B AZhof] ThE *ﬂx}%k( )° Hsts &

st 1 AuE ® 200 YEHYIG & 2014 {71
FFA 1Cet 2CE AF7Igt PMMA TE2 100°C &L
QB oA 8AIZMIA = AMzxIgro] W57} AFQEA|gh,
16AIZE o] 2oll= MRIgte] Wepyt 3A Yehts Zle
gHolsteict. TGA ZAutet= th274 PMMA ZE Yo
A 1Ce 2Co) @ g2 Al Aot 9 &tol

stoick.

o o
o=

J
P

4. &2 E

= A0 Z2A $HASH swallow-tail bisimide 1C
o} 2¢=2 'H-NMRi} FT-IRS o] &3] 122 &olstyd
©om, hybrid LED& A %7] SR 2 A0 AA W
7S ot @ g, Bollm E4. Y &4 5=
ZASEITE.

AR = 91

O o

1Co} 2C+= HEHZ= Aelst 22225,
olE, o2z Eotulole 7] 8ojo] 5 wi%
943 falE 542 Uehjgt 1oln o &
A= 1CE 242°C7HX] 5 wt% U0|gte] Z2F A7 A
ofit 393 7R Ao] £ Walrl Q= 9adt &
Mg/dE YEIITE. 22]a1 UV/Vis spectrum 4
o= 1CeF 2C9 2o S4ubgol 558 nm, 556
nmo|H, 1Cet 2C9 z|f Hh‘ﬂ-ﬁ_}ﬂ-o] 602 nm, 600
nmo|ojA], Ao} vhg 575 =QlstiTt.

Hybird LED& AAR 97] L2 AL
Al gote 7] 9fsto] {71 FEA
PMMA Z&& A|&35to =
Apsteitt. A|z3t 1C9F 2Co] PMMA =
HEHo|A 679 nm, 677 nm9 Z|Cj
EfUigict. PMMA Z& WoAY & o%
7] ojstel MARzE BAe Eal 8AZMIA|
WP} A7) UEREAIRE 16417 ol S0
sl7l 7A14e wolr

B A LofA] swallow-tail perylene bisimide 1C7}
uch 943 S3lE 54, 9 AN, BE 54 52
Uetlol, hybrid LEDg A4l §7] faAzAel &
8 JhsHe S,
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